INTRODUCTION
IN the preceding paper (Gatter and Powell, 1978) a description was given of the pattern of degeneration seen with the light microscope surrounding small lesions in the motor cortex. A prominent feature was a plexus of degenerating horizontal fibres in layer IV and the upper part of layer V which extended for a few millimetres and which was asymmetrically distributed, being longer anteroposteriorly than mediolaterally. The constituent fibres were closely related to the Betz cells with degenerating fragments in close proximity to the cell somata. In sections of human motor cortex prepared by the Golgi technique a plexus of horizontal axons has been described in layer IV and the upper part of layer V which is similarly more extensive anteroposteriorly than mediolaterally. The axons of this plexus arise from stellate cells and terminate in dense pericellular baskets around pyramidal cell somata, and particularly of Betz cells (Cajal, 1911; Marin-Padilla, 1969 , 1970 . These observations suggest that the fibres make axo-somatic synapses on to Betz cells and this question has now been investigated using the electron microscope.
MATERIAL AND METHODS
Under Nembutal anaesthesia and with aseptic precautions the precentral gyrus of the left hemisphere was exposed in one monkey. By inserting a needle at three points on the lateral surface of the gyrus separated by approximately 1 cm from each other, lesions were made through the depth of the cortex. These lesions were comparable with the largest type used in the light microscopical study. After a survival period of two days the animal was again anaesthetized, cooled to 25° C and perfused through the heart with glutaraldehyde 1 per cent and formaldehyde 4 per cent following a brief washout with buffered saline. The brain was removed and immersed in fixative at 4° C.
The lesions were identified on the fixed brain and a block of cortex including each lesion was removed. The blocks were cut into 1 mm thick slices perpendicular to the pia and extending through the full depth of the cortex. Each slice contained part of the lesion with approximately 2 to 3 mm of cortex on either side of it. The slices were rinsed briefly in 10 per cent sucrose in phosphate buffer, transferred to 2 per cent osmic acid before being dehydrated through graded alcohols (including block staining with uranyl acetate at the 70 per cent alcohol stage) and embedded in Epon-Araldite. One ^m 'thick' sections for light microscopy were cut from the long face of the block perpendicular to the pia, and stained with a mixture of methylene blue and Azure II (Richardson, Jarrett and Finke, 1960) . The lesion and the Betz cells in layer V could be clearly identified in these sections ( fig. 1A) . Betz cells between 0-5 and 2-5 mm from the lesion were selected and a mesa of approximately 1-5 mm x 0-5 mm was trimmed to include the deep part of layer III, layer IV and the upper part of layer V. Serial ultrathin sections were cut, mounted on formvar-coated 1 mm x 2 mm single hole grids and stained with uranyl acetate and lead citrate. The somata of the chosen Betz cells were then studied for the presence of degenerating axon terminals making synaptic contacts upon them.
RESULTS
.,-...
In the light microscopic study the dense degeneration around a lesion was found"' to be restricted to about 0-25 mm in either direction whereas the degeneration in the fibre plexus in layer IV and the upper part of layer V extended for 2 to 3 mm. Betz cell somata were studied between 0-5 and 2-5 mm from the lesion, well beyond the dense degeneration and where there was only an occasional degenerating axon terminal, most of which made asymmetric synapses on to spines ( fig. 1B and c) . Several degenerating myelinated axons were present and the majority were disposed horizontally. The neuropil in this region was well preserved and similar to that seen in normal material.
Betz cells identified in the thick sections could be recognized in serial ultrathin sections by their size and position, and in some cases it was possible to confirm their relationship to the lesion directly in the ultrathin sections when they were close enough for the edge of the damage to be included in the section ( fig. 2A ). Degenerating axon terminals were found making synapses on to most of the Betz cell somata even though the cells were only followed through ten to twenty serial sections (figs. 2 and 3). These terminals showed the typical dark type of degeneration found in the neocortex and various stages of degeneration from early to late were present; the type of membrane specialization of the synapses made by these degenerating terminals was always of the symmetrical type. Some of the Betz cells received synapses from more than one degenerating terminal in a single section ( fig. 2 ). One Betz cell was found in which the whole length of its axon initial segment and the first part of its myelinated axon were cut in continuity in a single section and in an adjoining section a degenerating terminal made a symmetrical synapse on to the initial segment close to its origin ( fig. 4 ). Degenerating axon terminals making symmetrical synapses were also found upon the proximal parts of apical dendrites of the Betz cells. Although up to three degenerating terminals were found to make synapses on to a single Betz cell in a small number of serial sections, the majority of the axo-somatic synapses on these Betz cells were normal ( fig. ID) . However, the degenerating terminals represented a considerable proportion of the synapses received by the somata and proximal processes of these Betz cells, far higher than the proportion of degenerating terminals in the neuropil surrounding these cells. 
DISCUSSION
In material prepared by the Golgi technique a plexus of horizontal fibres orientated mainly in the anteroposterior dimension has been described in layers IV and V of the human motor cortex (Marin-Padilla, 1969 , 1970 and the axons arise from stellate cells in these layers and end as pericellular baskets around the somata and proximal processes of pyramidal cells. By analogy with the similar basket arborizations around Purkinje cell somata in the cerebellum and pyramidal cell somata in the hippocampus it seemed probable that the axons of these pericellular baskets in the neocortex make synapses on to the somata and proximal processes of pyramidal cells (Marin-Padilla, 1969 , 1970 . The present electron microscopic evidence of degenerating terminals making symmetrical synapses upon the somata, apical dendrites and initial segments of Betz cells 1 0 to 1 -25 mm from the lesion therefore supports the conclusions drawn from light microscopy and suggests that these synapses form a major termination of this plexus because there were few degenerating axons in the neuropil surrounding them. As the synapses on the somata and proximal processes of Betz cells are likely to have a powerful influence on the activity of these cells, identification of their cells of origin is of considerable interest. Previous studies have shown that symmetrical synapses persist after undercutting the cortex (Szentagothai, 1964; Gruner, Hirsch and Sotelo, 1974) and no symmetrical axon terminals have been shown to degenerate after lesions of afferent projections to the motor cortex (Sloper, 1973; Strick and Sterling, 1974) , so it has been concluded that symmetrical axon terminals arise from neurons within the cortex. The horizontal plexus in layers IV and V does not degenerate after lesions deep to layer V (Gatter and Powell, 1978) showing that it consists of axons intrinsic to the cortex. Slight degeneration of these axons occurred after damage of the superficial layers of the cortex but only when the deep part of layer III and layer IV were involved was heavy degeneration of this band seen. The basket cell axons have the greatest horizontal spread of any cell type in the neocortex and the degenerating axon plexus in layer IV also extends the furthest after intracortical lesions. There is therefore good agreement between experimental studies and observations on Golgi-impregnated material that the axo-somatic synapses on Betz cell somata arise from an interneuron, the basket cell, that is found in layer IV and the adjacent parts of layers III and V and whose axons run in a plexus at the same level.
On the basis of close similarities of several morphological features and of laminar distribution it has been suggested that the basket cell corresponds to the large stellate cell of electron microscopy (Sloper, Hiorns and Powell, 1978) . The terminals of thalamic, commissural and association afferent fibres to the motor cortex make asymmetric synapses, and a small proportion of fibres of each of these pathways end upon the somata and dendrites of large stellate cells while the majority terminate upon dendritic spines which probably arise from dendrites of pyramidal cells (Sloper, 1973; Strick and Sterling, 1974) . Stimulation of the ventrolateral nucleus of the thalamus (Amassian and Weiner, 1966) and of the contralateral motor cortex (Asanuma and Okuda, 1962) result in monosynaptic excitation of physiologically identified corticospinal cells and thalamic stimulation also excites interneurons (Stefanis, 1969; Stone, 1973) . This excitatory effect upon the pyramidal cell is followed by a long lasting inhibition. From a synthesis of these anatomical and physiological findings it may therefore be suggested that the asymmetrical terminals of these afferent fibres excite both types of cells monosynaptically and that the delayed inhibition in adjoining pyramidal cells is mediated disynaptically through the large stellate/basket cell, its axon making symmetrical type synapses which have been correlated with inhibition elsewhere (Uchizono, 1965) .
Stimulation of the corticospinal axons in the brain stem also causes an excitatoryinhibitory sequence of activation of pyramidal cells and excitation of nonpyramidal tract neurons (Phillips, 1956 (Phillips, , 1959 Stefanis and Jasper, 1964a, b; Brooks and Asanuma, 1965) . These effects are most probably due to the activation of recurrent axon collaterals within the cortex, the early excitatory effect through direct synapses upon the dendrites of pyramidal cells and the pronounced and longer lasting inhibition through an inhibitory interneuron whose axon terminates 'close to the spike generating area' (Stefanis and Jasper, 19646) . As there is electron microscopic evidence that axon collaterals of pyramidal cells make synaptic contacts with the dendrites of large stellate neurons (Sloper and Powell, 1978) , it would seem that this cell is responsible for the inhibitory effect. Further support for this correlation is that the nonpyramidal tract cells or interneurons excited by pyramidal tract stimulation are also monosynaptically activated by thalamic stimulation, and the majority are situated about the same depth and in close proximity to the large pyramidal tract cells (Stefanis, 1969; Stone, 1973) . There is therefore anatomical and physiological evidence for convergence of extrinsic afferent and recurrent axon collaterals on to an interneuron which probably has an inhibitory effect upon pyramidal tract cells.
In the preceding paper the anatomical findings were discussed in relation to the input-output column which has been described in functional studies. Some of the degenerating fragments extending over a few millimetres in all layers are probably of axons which are excitatory, but if those in the dense plexus in layer IV arise from the basket/large stellate cell and inhibit Betz and other pyramidal cells, they could be an important mechanism for surround or pericolumnar inhibition (Brooks, Rudomin and Slayman, 1961; Stefanis and Jasper, 19646) . As the large stellate cell receives afferent and recurrent collateral fibres it may inhibit surrounding cells in relation to both the input and output activities, and because the thalamic afferent and recurrent collateral axons may branch over 3 mm before a further spread of similar extent by the basket cell axons, the total distance affected could be several millimetres in all directions. This would be in accord with the observations of Asanuma and Okuda (1962) that an excitatory response to commissural fibre activation was found only upon stimulation of a precise and restricted area of the cortex whereas inhibition resulted from stimulation of a much wider area surrounding the site from which excitation was obtained.
Following small lesions in area 17 of the monkey visual cortex a horizontal plexus of degenerating axons is found in the stria of Gennari (Fisken, Garey and Powell, 1975) and in many respects it is similar to that in the motor cortex: the fibres are relatively large with the greatest horizontal spread of degeneration, they arise within the cortex,, mainly from layer IV, and they terminate in close relationship with cells in layer III where large pyramids predominate. The electron microscopic part of the study of Fisken et al. (1975) gave an overall view of the degeneration surrounding a small cortical lesion rather than concentrating on a particular aspect, but a greater proportion of degenerating axon terminals which made symmetrical synapses were found at increasing distances from the lesion.
SUMMARY
After small lesions within the cortex of area 4 of the monkey degenerating axon terminals have been seen with the electron microscope to contact the cell bodies, proximal parts of the apical dendrites and initial segments of Betz cells 0-5 to 2-5 mm from the damage. The degenerating axon terminals make symmetrical synapses which are presumed to be inhibitory in function. The degenerating terminals are probably from the axons of the basket cells described in Golgiimpregnated material, and which correspond to the large stellate cell recognized in electron microscopic studies.
